Type 2 diabetes mellitus (T2DM) and hypertension are known to be associated. We aimed to study how hypertension may influence the levels of adipogenesis, inflammation and lipid metabolism in patients with T2DM.
Introduction
The worldwide prevalence of type 2 diabetes mellitus (T2DM) is increasing rapidly (Wild et al., 2004) and hypertension is extremely common in these patients. Indeed, approximately 70% of patients with diabetes have hypertension (Klein et al., 1996) . Diabetes and hypertension account, therefore, for a significant impact on clinical care, quality of life and public health.
Diabetes mellitus and hypertension are both risk factors for cardiovascular diseases (CVD) (Adler et al., 2000) . Moreover, T2DM, CVD events and hypertension are known to be associated with obesity (Basterra-Gortari et al., 2007 , Aneja et al., 2004 , another known CVD risk factor.
The adipose tissue, a metabolically active organ, produces several adipokines, known to be important in the inflammatory and atherosclerotic processes (Rondinone, 2006) . Adiponectin, an adipose tissuespecific adipokine, is known to present anti-inflammatory activity, protect against metabolic and cardiovascular diseases, and to play an important role in lipid metabolism and atherogenesis (Tilg and Moschen, 2008) . Reduced levels of adiponectin have been reported in obesity and diabetes (Tanaka et al., 2008) . Moreover, decreased adiponectin values were reported to be associated with an increased risk for incident type 2 diabetes mellitus (Marques-Vidal et al., 2012) . Reduced activity of leptin, another adipokine adipose tissue-specific, leads to severe insulin resistance and vascular dysfunction (Zhang et al., 1994) . Serum leptin levels seem to reflect the body fat mass and increased plasma leptin levels were associated with T2DM, obesity, hypertension, dyslipidemia and metabolic syndrome (Sari et al., 2010) . Chemerin, also produced by adipocytes, is a recently discovered adipokine known to be associated with inflammation, adipogenesis, glucose and lipid metabolisms (Bozaoglu et al., 2007 , Zabel et al., 2005 , Goralski et al., 2007 . Raised chemerin levels have been found in obesity, pre-diabetic states and lean, overweight and obese patients with diabetes (Bozaoglu et al., 2007 , Tonjes et al., 2010 , Neuparth et al., 2013 . The levels of these 3 adipokines are known to be altered in obesity and T2DM, and all seem to contribute to CVD events.
Obesity, thus, higher adiposity, is characterized by a low-grade chronic inflammation, with increased levels of proinflammatory cytokines and inflammatory markers, such as C-reactive protein (CRP). The levels of CRP are positively related to body mass index (BMI) (Panagiotakos et al., 2005) . Moreover, inflammation has been associated with clinical progression of atherosclerotic disease and patients with high levels of CRP seem to exhibit an increased risk for adverse cardiovascular outcome (Celik et al., 2009 ).
Our aim was to study how hypertension may influence the levels of adipogenesis, inflammation and lipid metabolism, in Portuguese patients with T2DM. The lipid profile, the circulating levels of CRP and of some adipokines -adiponectin, leptin and chemerin -in normotensive and hypertensive Portuguese patients with type 2 diabetes were evaluated.
Materials and Methods

Subjects
The protocol used in this study was approved by the Committee on Ethics of the Instituto Superior das Ciências da Saúde Norte, CESPU, Gandra-Paredes, Portugal. We performed a cross-sectional study in Portuguese adult patients with T2DM. These patients, with a previous diagnosis of T2DM, were selected from the general population and invited to participate in this study. Patients presenting inflammatory or infectious diseases, liver or kidney diseases, and receiving any kind of medication that could interfere with the study evaluations were not included in the study. An accurate and detailed interview with the patients was performed, in order to collect and record the clinical characteristics of the disease, the sociodemographic data and their habits. Patients whose statements were confusing, unclear and inconsistent were excluded from the study. Diastolic and systolic blood pressure was evaluated with a calibrated manual sphygmomanometer (mercury sphygmomanometer) and recorded after at least two consecutively concordant measures.
The hypertensive patients reported home measurements of blood pressure with hypertensive values and/or were previously diagnosed as hypertensive. A group of 80 T2DM patients was enrolled in this study, after their informed consent. Two groups were established, one, the normotensive group (NG), including fifty-seven Portuguese adult T2DM patients with systolic and diastolic blood pressure lower than 140 mmHg and 90 mmHg, respectively, and the other, the hypertensive group (HG), including 23 adult T2DM patients with systolic and/or diastolic blood pressure equal or superior than 140 mmHg and 90 mmHg. Sociodemographic, clinical and analytical data of the two studied groups are presented in Table 1 . The diet of the T2DM patients was low in carbohydrates and fat, and all were under treatment with oral hypoglycemic drugs. The type of medication, nutrition intake, leisure activities, smoking and alcohol drinking habits were similar in both groups of T2DM patients. Besides the oral hypoglycemic therapy, none of the patients were receiving any medication that could interfere with our results (e.g. antioxidants, anti-inflammatory drugs and anti-obesity therapies).
Assays
Blood was collected by venipuncture into tubes without anticoagulant or containing EDTA, in order to obtain serum or plasma, respectively. We evaluated the plasmatic levels of chemerin, adiponectin and leptin by enzyme-immunoassays (Chemerin ELISA, Biovendor R&DP, Heidelber, Germany; Adiponectin, R&D Systems, Minneapolis, USA; Leptin, Mercodia, Uppsala, Sweden). The serum levels of CRP were evaluated by immunoturbidimetry (Prestige 24i CRP Ultra, P.Z. Cormay, Lublin, Poland). The lipid profile (cholesterol, triglycerides and high-density lipoprotein cholesterol (HDLc)) and glucose levels were evaluated by enzymatic colorimetric methods (Prestige, P.Z. Cormay, Lublin, Poland). To determine the levels of glycated hemoglobin we used a spectrophotometric method (Prestige 24i HbA1C, P.Z. Cormay, Lublin, Poland). 
Statistical Analysis
Results
Both groups of patients with T2DM were matched for gender, age, height and disease length. Glucose and glycated hemoglobin presented similar values for both groups (Table 1) .
Considering gender, only leptin levels were significantly different for females and males, presenting females higher leptin levels in the two groups studied, NG and HG (P≤0.001 in both cases).
The HG of T2DM patients presented significantly higher BMI and weight values than the NG T2DM patients. These HG of T2DM patients presented also significantly higher levels of chemerin, CRP and triglycerides, as compared to the NG patients. These patients also showed, as compared to the NG, a trend towards lower levels of adiponectin and higher values of total cholesterol. Concerning leptin values, a trend towards higher levels in male patients, when compared to males in the NG, was found (Table 1) .
Considering the differences observed for BMI and weight between groups, we performed ANCOVA analysis. When statistical adjustment for the confounding factor weight was performed, a loss of statistical significance for triglycerides, although almost significant (P=0.51), and for chemerin (P=0.128) values was found, while the differences in CRP levels remained significantly different for the two groups (P=0.030). After adjustment for BMI, chemerin, triglycerides and CRP values lost statistical significance (P=0.106, P=0.063 and P=0.083, respectively), suggesting that the differences in these parameters between the two groups are dependent of blood pressure and also of BMI. 
Discussion
Obesity has been shown as one of the major determinants of hypertension in the general population (Kannel, 2000) . Epidemiological studies have shown that there is a strong association between obesity, BMI and hypertension (Ostchega et al., 2012 , Nguyen et al., 2010 , Martins et al., 2003 , as well as, between obesity, hypertension and diabetes (Nguyen et al., 2008 , Sanchez-Castillo et al., 2005 . Hyperinsulinemia, hyperleptinemia, hypercortisolemia, renal dysfunction, altered vascular structure and function, enhanced sympathetic and reninangiotensin system activity, and blunted natriuretic peptide activity are referred as some of the contributory mechanisms to the hypertension-obesity association (Aneja et al., 2004) . In accordance, we observed that patients with T2DM and hypertension showed higher weight and BMI values than those without hypertension.
Patients with T2DM and hypertension, with a raised BMI, presented an altered adipokine secretion pattern, with decreased levels of adiponectin, significant increased levels of chemerin and a trend towards an increase in leptin levels that was more evident in males.
Chemerin is known to stimulate insulindependent glucose uptake concomitant with the enhanced insulin signaling in adipocytes (Takahashi et al., 2008 ) and appears to act as a modulator of the expression of adipocyte genes involved in glucose and lipid homeostasis (Goralski et al., 2007) . Moreover, plasma chemerin levels showed a strong and independent association with key markers of metabolic syndrome, namely obesity, high-plasma triglycerides and high blood pressure (Bozaoglu et al., 2007) . We reported recently that chemerin levels were raised in lean, overweight and obese T2DM patients, and that the obese patients presented significantly higher levels of chemerin, when compared to overweight and lean patients, and to controls. In the same study, the overweight patients showed significantly higher chemerin levels, as compared with lean patients and control, and lean patients revealed significantly higher chemerin levels than the control (Neuparth et al., 2013) . As far as we know, only Yang et al. studied the chemerin levels in patients with T2DM and hypertension (Yang et al., 2010) and, in accordance with our data, they found that those patients showed higher BMI and enhanced values of chemerin. Our study and Yang et al. study reinforce the association of chemerin with obesity and hypertension, both markers of metabolic syndrome. Nonetheless, when statistical adjustment for the confounding factor BMI was performed, the statistical significance for chemerin levels was lost, in opposition to Yang et al. (Yang et al., 2010) . According to these authors, this association chemerin -blood pressure, may be associated to the high expression of chemerin within the kidneys, a key site of blood pressure regulation. Our data suggest that, in patients with T2DM and hypertension, high chemerin levels are not only associated with hypertension, but also probably related with obesity and diabetes itself. It seems that an adipocyte dysfunction occurs. Further studies are warranted to clarify the association between chemerin, hypertension and obesity, in T2DM.
Adiponectin has anti-inflammatory activity and plays an important role in the development of insulin resistance and atherosclerosis (Tilg and Moschen, 2008) . Leptin enhances the secretion of several cytokines and a reduction in its activity leads to insulin resistance (Zhang et al., 1994 , Santos-Alvarez et al., 1999 . Reduced levels of adiponectin and enhanced values of leptin have been reported in obesity and in diabetes (Tanaka et al., 2008 , Sari et al., 2010 . Concerning adiponectin, our data is in accordance with others (Adamczak et al., 2003 , Iwashima et al., 2004 , Khabour et al., 2013 that reported significantly lower adiponectin levels in hypertensive T2DM patients. Moreover, drug treatment of hypertension has been associated with a decrease in blood pressure and an increase in adiponectin levels (Wago et al., 2010 , Lee et al., 2010 . Obesity and hypertension in T2DM have been associated with raised leptin levels (Sari et al., 2010 (Zietz et al., 2000) , and the authors suggested that it was related to BMI and to the higher levels of insulin. In our study no significant differences in BMI were found between females and males hypertensive patients with T2DM.
Hypertensive T2DM patients showed raised levels of triglycerides and a trend towards higher total cholesterol levels. Hypertension is often associated with dyslipidemia, and both conditions increase the risk for CVD events (Kannel, 2000) . Dyslipidemia causes endothelial damage and loss of physiological vasomotor activity, which may lead to an increase in systemic blood pressure. These patients also showed higher levels of CRP, another risk factor of CVD. Increased CRP levels have been also associated with raised blood pressure (Dauphinot et al., 2009 , Davey Smith et al., 2005 and with insulin resistance (Xu et al., 2008) . However, after adjustment for BMI, the statistical significance for triglycerides and CRP was lost, suggesting that these levels in hypertensive T2DM patients might result from an association between hypertension and obesity.
Patients with T2DM, hypertension and excess of weight presented concomitantly other risk factors of CVD events, namely raised CRP levels, dyslipidemia and altered adipokine secretion. Thus, the need to implement medical approaches to reduce weight and blood pressure in type 2 diabetes seems crucial to diminish the risk of CVD events.
As referred, there are few studies addressing the role of chemerin in patients with T2DM, hypertension and obesity. Moreover, it is known that the distribution of adipose tissue may differ between ethnic groups. Our study, performed in a Caucasian population, and the study from Yang et al. (Yang et al., 2010) , in a Chinese population, showed that chemerin levels are higher in these patients, suggesting a potential link between insulin resistance, obesity, and metabolic syndrome. These studies involve relatively small groups and, therefore, further studies in larger populations are unwarranted, to clarify the role of chemerin.
In summary, hypertensive patients with T2DM presented raised BMI with altered adipokine secretion, namely raised chemerin levels, abnormal lipid profile and enhanced CRP concentrations, which probably underlie the association of hypertension with obesity. Further studies, concerning the relationship between hypertension in T2DM and adipogenesis, lipid profile and inflammation, are warranted.
